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(54) Orientation maintained fastener delivery system and method 



(57) An orientation maintained fastener delivery 
system (10) includes an escapement (14). a transfer 
system (16), and an injector (18). The escapement (14) 
regulates the flow of fasteners (20) through the orienta- 
tion maintained fastener delivery system (10). The es- 
capement (14) also delivers fasteners (20) in a desired 
orientation to the transfer system (16), The transfer sys- 
tem (16) includes a plurality of tubes (26,30) and a dis- 
tributor (28). The tubes (26,30) maintain the desired ori- 
entation of the fasteners (20) as the fasteners (20) are 
transported to the injector (18). The distributor (28) 
aligns a tube (26) coupled to the escapement (14) with 
a tube (30) coupled to the injector (13). The injector (18) 
receives fasteners (20) from the transfer system (16) in 
the desired orientation and delivers the fasteners (20) 
in the desired orientation to an installation device (22). 
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Description 

TECHNICAL FIELD OF INVENTION 

[0001] This invention relates generally to fastener de- 
livery systems and, more particularly, to an orientation 
maintained fastener delivery system and method. 

BACKGROUND OF THE INVENTION 

[0002] Fastener delivery systems are generally used 
to retrieve fasteners from a storage area and transport 
the fasteners to an automatic fastener installation de- 
vice. One example of a fastener delivery system in- 
cludes a feeder bowl, a tube, and a fastener injection 
device. The feeder bowl generally contains a large 
number of loosely contained fasteners. The fasteners 
exit the feeder bowl and enter the tube through a gen- 
erally funnel-shaped device. A pneumatic power supply 
is generally used lo transport the fasteners through the 
tube to the fastener injection device. The fastener injec- 
tion device manipulates the fastener into an orientation 
capable of being received by the automatic fastener in- 
stallation device and delivers the fastener to the auto- 
matic fastener installation device. 
[0003] In mass production, several feeder bowls are 
often used so that a variety of sizes or types of fasteners 
may be transported to the fastener installation device to 
meet specific fastener installation requirements. For ex- 
ample, one feeder bowl containing one size of fastener 
may be replaced with another feeder bowl containing a 
different, size fastener so that the same tube and injec- 
tor can be used to accommodate a variety of fastener 
installation requirements. Accordingly, the tube and fas- 
tener injection device are generally designed to accom- 
modate a variety of sizes or types of fasteners. 
[0004] However, because the tube and fastener injec- 
tion device are designed to accommodate a variety of 
sizes or types of fasteners, the orientation of the fasten- 
er is uncontrolled until the fastener reaches the fastener 
injection device. For example, the tube is generally de- 
signed having a diameter large enough to accommo- 
date the largest sized fastener out of a variety of sizes 
or types of fasteners. Thus, the fastener is allowed to 
tumble loosely through the tube during transport from 
the feeder bowl to the fastener injection device. Once 
the fastener reaches the fastener injection device, the 
fastener must be manipulated into an orientation ac- 
ceptable for being received by the fastener installation 
device and for installation. 

[0005] However, manipulating each fastener after 
reaching the fastener injection device is time consuming 
and inefficient. For example, the fastener injection de- 
vice may be unable to or incapable of manipulating the 
fastener into an acceptable installation orientation. As a 
result, the fastener must be purged from the fastener 
injection device and another fastener sent from the feed- 
er bowl to complete the fastener installation sequence. 



SUMMARY OF THE INVENTION 

[0006] Accordingly, a need has arisen for an improved 
fastener delivery system that provides increased fasten- 

s er orientation control. The present invention provides an 
improved fastener delivery system that addresses 
shortcomings of prior fastener delivery systems and in- 
creases fastener orientation control. 
[0007] According to one embodiment of the invention, 

10 a fastener delivery system includes an escapement op- 
erable to retain a fastener in a desired orientation and 
deliver the fastener in the desired orientation to a trans- 
fer system. The fastener delivery system also includes 
an injector operable to receive the fastener in the de- 

15 sired orientation from the transfer system and deliverthe 
fastener in the desired orientation to a fastener installa- 
tion device. The fastener delivery system further in- 
cludes a transfer system operable to provide uninter- 
rupted transfer of the fastener in the desired orientation 

20 from the escapement to the injector. 

[0008] According to another embodiment of the inven- 
tion, a method for delivering a fastener to a fastener in- 
stallation device includes positioning the fastener in a 
desired orientation in an escapement and transferring 

2S the fastener in the desired orientation from the escape- 
ment to a transfer system. The method also includes 
transporting the fastener without interruption in the de- 
sired orientation through the transfer system to an injec- 
tor. The method further includes delivering the fastener 

30 in the desired orientation to the fastener installation de- 
vice using the injector. 

[0009] The invention provides several technical ad- 
vantages. For example, in one embodiment of the in- 
vention, maintaining a desired fastener orientation 

35 throughout the fastener delivery system provides great- 
er efficiency than prior fastener delivery system by de- 
creasing the amount of time required to manipulate the 
fastener into an acceptable installation orientation. In 
the same embodiment, the fastener delivery system 

40 provides greater flexibility than prior fastener delivery 
systems by accommodating a variety of sizes and types 
of fasteners. 

[0010] Other technical advantages will be readily ap- 
parent to one skilled in the art from the following figures, 
45 descriptions, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] For a more complete understanding of the 
50 present invention and the advantages thereof, refer- 
ence is now made to the following descriptions taken in 
connection with the accompanying drawings in which: 

FIGURE 1 is a schematic drawing illustrating an iso- 
55 metric view of a fastener delivery system construct- 
ed in accordance with the teachings of the present 
invention; 

FIGURE 2 is a schematic drawing illustrating an en- 
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larged isometric view of an escapement shown in 
the fastener delivery system of FIGURE 1 ; 
FIGURE 3 is'a schematic drawing illustrating a plan 
view of the escapement shown in FIGURE 2; 
FIGURE 4 is a schematic drawing illustrating an en- s 
larged isometric view of a distributor shown in the 
fastener delivery system of FIGURE 1 ; 
FIGURE 5 is a schematic drawing illustrating an ex- 
ploded assembly view ol the distributor shown in 
FIGURE 4; w 
Fl GURE 6 is a schematic drawing illustrating an en- 
larged isometric view of an injector shown in the fas- 
tener delivery system of FIGURE 1 ; 
FIGURE 7 is a schematic drawing illustrating an in- 
jector blade of the injector shown in FIGURE 6; and is 
FIGURE 8 is a flow chart illustrating the steps per- 
formed in accordance with the method of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 20 

[0012] Embodiments of the present invention and its 
advantages are best understood by referring to FIG- 
URES 1-7 of the drawings, like numerals being use for 
like and corresponding parts of the various drawings. 25 
[0013] FIGURE 1 is a schematic drawing illustrating 
an isometric view of a fastener delivery system 1 0 con- 
structed in accordance with the teachings the present 
invention. The embodiment of fastener delivery system 
10 illustrated in FIGURE 1 includes a plurality of feeder 30 
bowls 1 2, a plurality of escapements 1 4, a transfer sys- 
tern 16, and an injector 18. Escapements 14 receive fas- 
teners 20 from feeder bowls 1 2 and deliver fasteners 20 
in a desired orientation to transfer system 16. Transfer 
system 16 transports fasteners 20 in the desired orien- 35 
tation from escapements 14 to injector 18. Injector 18 
delivers fasteners 20 in the desired orientation to an au- 
tomatic fastener installation device 22 for installing fas- 
teners 20 in a variety of structures. Maintaining the de- 
sired orientation of fasteners 20 throughout fastener de- 40 
livery system 10 will be described in greater detail in 
conjunction with FIGURES 2-7. 

[0014] Fastener delivery system 10 also includes a 
controller or processor 24. Processor- 24 comprises a 
computer, workstation, mini-computer, mainframe or 45 
other computing device for controlling operation of fas- 
tener delivery system 10. For example, as will be de- 
scribed further in conjunction with FIGURE 2, processor 
24 activates feeder bowls-12 to initiate delivery of fas- 
teners 20 from feeder bowls 12 to escapements 14. In so 
one embodiment, processor 24 includes a logic se- 
quencer manufactured by Allen Bradley under part 
number PLC 5; however, other suitable equipment or 
devices may be used for processor 24. The logic se- 
quences for controlling fastener delivery system 10 can 55 
be readily programmed by those having ordinary skill in 
the art. 

[0015] As illustrated in FIGURE 1, feeder bowls 12 of 
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fastener delivery system 1 0 provide a storage or holding 
area for fasteners 20. Each feeder bowl 12 may include 
a different size or type of fastener 20 thereby providing 
increased flexibility of fastener delivery system 1 0 by al- 
lowing a variety of installation requirements to be met 
using fastener delivery system 10. For example, each 
feeder bowl 12 may contain a different length of the 
same type of fastener 20. The different types or sizes of 
fasteners 20 are entered or stored in processor 24 cor- 
responding to feeder bowls 12 containing the particular 
sizes or types of fasteners 20. Depending on a particular 
installation requirement, fastener 20 may be selected 
from an appropriate feeder bowl 12 to meet the partic- 
ular installation requirement. An example of feeder bowl 
1 2 includes a 5/32 inch rivet bowl manufactured by Per- 
formance Feeders for Northrop Grumman Corporation 
under pan number P-296351, however, other suitable 

. storage or containment devices may be used as a stor- 
age or holding area for fasteners 20. Each feeder bowh 
12 has an escapement 14 disposed adjacent an outlet 
(not explicitly shown) of feeder bowl 1 2 for receiving fas- 
teners 20 from feeder bowl 12. In the embodiment de- 
scribed above, a vibrating motion of feeder bowl 12 
causes fasteners 20 to exit the outlet of feeder bowl 1 2 
and enter escapement 14. The operation of escapement 
14 will be described in greater detail in conjunction with 
FIGURES 2 and 3. ~ • - 

[001 6] Transfer system 1 6 of fastener delivery systems 
10 includes tubes 26, a distributor 28, and tubes 30. In" 
operation, escapements 14 receive fasteners 20 from 
feeder bowls 12 and deliver fasteners 20 in the desirech, 
orientation to tubes 26 of transfer system 16. A power* - 
supply (not explicitly shown), such as a pneumatic or 
other suitable power supply, propels fasteners 20 in the 
desired orientation through tubes 26, distributor 28, and 
tubes 30 to injector 18. In one embodiment, tubes 26 
and 30 are constructed using nylon tubing material; 
however, other suitable materials may be used to con- 
struct tubes 26 and 30. As will be described further in "« 
conjunction with FIGURES 4 and 5, distributor 28 aligns 

. one of tubes 26 with one of tubes 30 depending upon a 
particular size or type of fastener 20 selected to meet a 
particular installation requirement. 
[0017] FIGURE 2 is a schematic drawing illustrating 
an enlarged isometric view of escapement 14 shown in 
FIGURE 1. In the embodiment illustrated in FIGURE 2, . 
escapement 14 includes side plates 32 and 34 and a 
spacer 36. Spacer 36 is disposed between side plate 32 
and side plate 34 creating a passage 38 between side 
plate 32 and side plate 34. Feeder bowl 12 delivers fas- 
teners 20 into passage 38 of escapement 14 so that 
heads 40 of fasteners 20 are seated above side platen 
32 and 34. Accordingly, shanks 42 of fasteners 20 are 
disposed within passage 38. Thus, fasteners 20 are po- 
sitioned in a desired orientation within passage 38 of es- 
capement 14 upon receipt from feeder bowls 12. 
[0018] Escapement 1 4 also includes a regulator 44 for 
controlling the delivery of fasteners 20 from escapement 
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1 4 to transfer system 1 6 Regulator 44 includes a power 
supply 46, a release blade 48 and a stop blade 50 Re- 
lease blade 48 and stop blade 50 extend into passage 
38 through an opening 52 in side plate 32 In operation, 
release blade 48 and stop blade 5C cxicr-d and retract 
to regulate the delivery of lasicncrs 20 lo lubo 25 of 
transfer system 15. An example ol rcquUtor 44 includes 
a Dura-scape manufactured by R & I M mufncturing un- 
der model number BC-2B. howc/o othci suitable 
methods or devices may be used lo control the delivery 
of fasteners 20 to transfer system 16 The operation of 
release blade 48 and stop blade 50 of regulator 44 will 
be described in greater detail in conjunction wi:h FIG- 
URE 3. 

[0019] In the embodiment illustrated in FIGURE 2 es- 
capement 1 4 also includes a shield 54 Shic id 54 is dis- 
posed above fasteners 20 and passage *Jc ;o prevent 
foreign objects from entering passage 38 ^nd to prevent 
fasteners 20 from exiting passage 38 For example as 
best illustrated in FIGURE 1 : escapcrnenis 14 die dis- 
posed adjacent feeder bowls 1 2 at an angle so ll wt grav- 
ity assists in moving or transporting fasteners 20 within 
passage 38 toward regulator 44. Accordingly referring 
to FIGURE 2, shield 54 prevents fasteners 20 from ex 
iting or falling out of passage 38 In the embodiment il- 
lustrated in FIGURE 2, a removable knob 56 and a 
shield bracket 58 are used to position shield 54 above 
fasteners 20 and passage 38. Knob 56 and shield brack- 
et 59 provide for easy removal and replacement of 
shield 54 to perform such functions as inspecting clean- 
ing, purging, or the like, passage 38. 
[0020] Escapement 14 shown in FIGURE 2 also in- 
cludes a power supply mounting bracket 60, a fastener 
drop 62, and a tube bracket 64, Power supply mountinq 
bracket 60 provides a location for attaching a power sup- 
ply (not explicitly shown) for propelling fasteners 20 
through transfer system 16 to injector 18. The power 
supply, such as a pneumatic or other suitable power 
supply, may be attached to power supply mounting 
bracket 60 at opening 66. However, other methods of 
coupling the power supply to transfer system 1 6 may be 
used to transfer fasteners 20 from escapement 1 4 to in- 
jector 18. 

[0021] Fastener drop 62 of escapement 14 is dis- 
posed below power supply mounting bracket 60 for re- 
ceiving fasteners 20 from passage 38 and delivering 
fasteners 20 to transfer system 16 in the desired orien- 
tation. As illustrated in FIGURE 2, tube 26 of transfer 
system 1 6 is attached to tube bracket 64 so that fasten- 
ers 20 are transferred from passage 38 to transfer sys- 
tem 16 through fastener drop 62. The operation of fas- 
tener drop 62 lor delivering fasteners 20 to transfer sys- 
tem 16 in the desired orientation will be described in 
greater detail in conjunction with FIGURE 3. 
[0022] As illustrated in FIGURE 2, fastener delivery 
system 10 also includes sensors 68 and 70 coupled to 
escapement 1 4. Sensor 68 initiates delivery of fasteners 
20 from feeder bowls 1 2 to escapements 1 4. For exam- 



ple, sensor 68 is disposed adjacent passage 38 a pre- 
determined distance from regulator 44 so that sensor 
68 detects whether fasteners 20 are present within pas- 
sage 38. If sensor 68 detects that additional fasteners 

s 20 are required within passage 38, sensor 68 transmits 
a signal to processor 24 indicating the need for addition- 
al fasteners 20. In response., processor 24 activates 
feeder bowls 12 for the delivery of fasteners 20 to es- 
capement 14. Additionally, when sensor 68 detects that 

to an adequate supply of fasteners 20 are present within 
passage 38, sensor 68 transmits a signal to processor 
24 indicating the receipt of an adequate supply of fas- 
teners 20 within escapement 14. In response, processor 
24 deactivates feeder bowls 12 to cease the delivery of 

is additional fasteners 20 from feeder bowls 1 2 to escape- 
ment 14. One type of sensor 68 that may be used with 
fastener delivery system 10 is manufactured by Turck 
Incorporated under pan number BI2U : M12-AN4X- 
H1 1 41 ; however, other suitable sensors or indicating de- 

20 vices may be used. Therefore, fastener delivery system 
10 provides for an automatic and efficient method of de- 
livering fasteners 20 from feeder bowls 12 to escape- 
ments 14. 

[0023] Additionally, sensor 68 may be used to notify 

25 a user of fastener delivery system 10 that feeder bowls 
12 are empty, malfunctioning, or the like. For example, 
if sensor 68 detects that additional fasteners 20 are re- 
quired within passage 38 of escapement 14 ; sensor 68 
transmits a signal to processor 24 to activate feeder 

30 bowls 12 and initiate delivery of fasteners 20. A prede- 
termined time period may be entered or stored in proc- 
essor 24 so that if processor 24 does not receive a signal 
from sensor 68 indicating the receipt of an adequate 
supply of fasteners 20 within the predetermined time pe- 

35 riod, the user is notified that escapement 14 is not re- 
ceiving fasteners 20. Thus, fastener delivery system 10 
provides greater reliability than prior art fastener deliv- 
ery systems by notifying the user of fastener delivery 
system 1 0 that fasteners 20 may not be available to per- 

40 form additional installations 

[0024] Sensor 70 of fastener delivery system 1 0 acti- 
vates the power supply for propelling fasteners 20 
through transfer system 16 to injector 18. For example, 
after regulator 44 releases a single fastener 20 from 

45 passage 38, sensor 70 detects fastener 20 entering fas- 
tener drop 62. Once sensor 70 detects fastener 20 en- 
tering fastener drop 62, sensor 70 transmits a signal to 
processor 24 indicating the passage of fastener 20. In 
response, processor 24 activates the power supply for 

50 propelling fastener 20 through transfer system 16 to in- 
jector 18. One type of sensor 70 that may be used with 
fastener delivery system 10 is manufactured by Turck 
Incorporated under part number B12U-M12-AN4X- 
H 1 1 4 1 : however, other suitable sensors or indicating de- 

55 vices may be used. Thus, fastener delivery system 10 
provides for an automatic and efficient method of trans- 
porting fasteners 20 by activating the power supply 
when fastener 20 enters fastener drop 62. 
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[0025] Sensor 70 may also be used to notify the user 
of fastener delivery system 10 that fastener 20 did not 
enter fastener drop 62. For example, a predetermined 
time period may be entered or stored in processor 24 
associated with regulator 44 and sensor 70. After regu- 
lator 44 releases a single fastener 20 from passage 38, 
sensor 70 may transmit a signal to processor 24 indicat- 
ing that fastener 20 did not enter fastener drop 62 within 
the predetermined time period. Thus, fastener delivery 
system 10 provides greater reliability than prior art fas- 
tener delivery systems by verifying that fastener 20 has 
been delivered to transfer system 1 6. 
[0026] As previously described with reference to FIG- 
URE 1 , a variety of sizes and types of fasteners 20 may 
be used with fastener delivery system 10. Accordingly, 
referring to FIGURE 2. escapement 14 may be con- 
structed to accommodate a variety of types and sizes of 
fasteners 20. For example, spacer 36 disposed between 
side plates 32 and 34 may be increased or deceased in 
thickness to increase or decrease, respectively, the 
width of passage 38 as measured from side plate 32 to 
side plate 34. Accordingly, each escapement 14 con- 
structed to accommodate a particular size or type of fas- 
tener 20 is disposed adjacent a corresponding feeder 
bowl 1 2 containing the particular type or size of fastener 
20. Thus, escapements 14 provide greater flexibility 
than prior art fastener delivery systems by accommo- 
dating a variety of sizes and types of fasteners 20. 
[0027] FIGURE 3 is a schematic drawing illustrating 
a plan view of escapement 14. shown in FIGURE 2 with 
portions broken away. As illustrated in FIGURE 3, ends . 
of release blade 48 and stop blade 50 are disposed with- 
in passage 38 for regulating the delivery of fasteners 20 
to fastener drop 62. Shanks 42 of fasteners 20 are illus- 
trated within passage 38 of FIGURE 3 for clarification of 
the operation of regulator 44. 

[0028] In operation, release blade 48 and stop blade 1 
50 retain.fasteners 20 within passage 38 of escapement 
14 until the user of fastener delivery system 10 initiates 
an installation sequence. Upon initiation of the installa- 
tion sequence, power supply 46 retracts release blade 
48 thereby releasing a single fastener 20 from passage 
38. As best illustrated in FIGURE 1 , since escapements 
14 are disposed at a downward angle adjacent feeder 
bowls 12, gravitational forces cause the single fastener 
20 to exit passage 38 and enter fastener drop 62. Re- 
ferring to FIGURE 3, while release blade 48 is retracted, 
stop blade 50 is maintained in an extended position 
thereby preventing additional fasteners 20 from exiting 
passage 38 and entering fastener drop 62. 
[0029] After the single fastener 20 has been released 
to fastener drop 62, power supply 46 extends release 
blade 48 into passage 38 and retracts stop blade 50, 
thereby allowing another fastener 20 to travel down- 
wardly within passage 38 toward release blade 48. 
Once another fastener 20 has been located adjacent re- 
lease blade 48, power supply 46 extends stop blade 50 
into passage 38 to prevent additional fasteners 20 from 



exiting passage 38 upon initiation of the next installation 
sequence. 

[0030] Stop blade 50 of regulator 44 is disposed a pre- 
determined distance from release blade 48 within pas- 

5 sage 38 to accommodate a particular type or size of fas- 
tener 20. For example, the predetermined distance, is 
selected so that the predetermined distance accommo- 
dates only a single fastener 20 between release blade 
48 and stop blade 50. Accordingly, locating stop blade 

to 50 the predetermined distance from release blade 48 
provides that only a single fastener 20 will exit passage 
38 and enter fastener drop 62 upon the retraction of re- 
lease blade 48. 

[0031] As illustrated in FIGURE 3, fastener drop 62 

75 includes an opening 72 for delivery of fasteners 20 to 
transfer system 16. As best shown in FIGURE 2, open- 
ing 72 is connected to tube 26 through tube bracket 64. 
Referring to FIGURE 3, opening 72 is constructed gen- 
erally offset from a center line of passage 38 so that 

20 shanks 42 enter transfer system 16 first. For example, 
opening 72 is constructed large enough to accommo- 
date heads 40 of fasteners 20. However, gravitational 
forces may cause fasteners 20 to flip or turn downward 
as fasteners 20' enter opening 72, thereby causing 

25 heads 40 of fasteners 20 to enter transfer system 16* 
first. As will be described in greater detail in conjunction, 
with FIGURE 6, having heads 40 of fasteners 20 enter* 
transfer system 1 6 first causes fasteners 20 to be deiiw* 
ered to injector 18 in an orientation that may be unac- ' 

30 ceptable for a particular type of automatic fastener in- 
stallation device 22. 

[0032] However, since opening 72 is constructed gen-v 
erally offset from the center line of passage 38, centrif-.-' 
ugal forces act upon fasteners 20 as fasteners 20 reach * 

35 opening 72 and prevent heads 40 of fasteners 20 from 
entering transfer system 16 first. For example, fasteners 
20 are supported within passage 38 by heads 40 of fas- 
teners 20. As fasteners 20 enter fastener drop 62, cen- 
trifugal forces acting upon fasteners 20 cause fasteners 

40 20 to travel around the circumference of opening 72 
while a portion of head 40 of fastener 20 remains sup- 
ported by an upper surface of fastener drop 62. While a 
portion of head 40 remains supported by the upper sur- 
face of fastener drop 62, shank 42 of fastener 20 be- 

45 comes positioned within opening 72, thereby preventing 
head 40 of fastener 20 from entering opening 72 first. 
Therefore, the desired orientation of fastener 20 to ac- 
commodate automatic fastener installation device 22 is 
maintained by ensuring that shank 42 of fastener 20 en- 

50 ters transfer system 16 first. Therefore, upon activation 
of the power supply to propel fastener 20 through trans- 
. fer system 16 to injector 18, fastener 20 is transported 
to injector 18 in the desired orientation. 
[0033] FIGURE 4 in an enlarged isometric view, with 

55 portions broken away illustrating distributor 28 of trans- 
fer system 16 shown in FIGURE 1. Distributor 28 in- 
cludes a housing 74 and a cover 76. Distributor 28 also 
includes a manifold 78 and a transfer plate 80. Manifold 
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78 is disposed within housing 74 and includes openings 
82 for coupling to tubes 26. Each opening 82 is con- 
structed to accommodate a particular size tube 26 de- 
pending on the type or size of fastener 20 transported 
within tube 26. As best illustrated in FIGURE 1, the op- 
posite ends of tubes 26 are coupled to escapements 1 4. 
[0034] Referring to FIGURE 4, transfer plate 80 of dis- 
tributor 28 is disposed beneath manifold 78 for move- 
ment along the length of manifold 78. In one embodi- 
ment of the invention, a power supply (not explicitly 
shown) is provided for translating transfer plate 80 along 
the length of manifold 78 using a track 84; however, oth- 
er suitable materials or methods may be used to provide 
movement of transfer plate 80 with respect to manifold 
78. Cover 76 of distributor 28 prevents foreign objects 
from entering housing 74 and interfering with the move- 
ment of transfer plate 80. The transfer of fasteners 20 
from tubes 26 to tubes 30 of transfer system 16 will be 
further described in conjunction with FIGURE 5. 
[0035] FIGURE 5 is an exploded isometric view of 
portions of distributor 28 shown in FIGURE 4 illustrating 
the cooperation of manifold 78 and transfer plate 80. 
Tubes 30 of transfer system 16 are coupled to transfer 
plate 80 at openings 86. In operation, transfer plate 80 
translates along the length of manifold 78 and aligns a 
single tube 30 with a single tube 26 so that fasteners 20 
may be transported to injector 18. For example, each 
feeder bowl 1 2 may contain a different size or type of 
fastener 20 to be transported to automatic fastener in- 
stallation device 22. Accordingly, tubes 26 are con- 
structed to accommodate the different sizes or types of 
fasteners 20 while maintaining thee desired orientation 
of fastener 20, thereby preventing fasteners 20 from 
tumbling freely within tubes 26. Tubes 30 are also con- 
structed so that each tube 30 can accommodate fasten- 
ers 20 from one or more tubes 26 while maintaining the 
desired orientation of fasteners 20, thereby preventing 
fasteners 20 from tumbling freely within tubes 30. For 
example, as best illustrated in FIGURE 1 .fourteen tubes 
26 are shown coupled to manifold 78 of distributor 28, 
and four tubes 30 are shown exiting distributor 28. Thus, 
each tube 30 is constructed to accommodate a particu- 
lar size, type, range of sizes, or range of types of fas- 
teners 20 received from tubes 26. 
[0036] In operation, transfer plate 80 translates along 
the length of manifold 78 to align a particular tube 30 
with a corresponding tube 26 so that the desired orien- 
tation of fastener 20 is maintained throughout transfer 
system 1 6. For example, a user of fastener delivery sys- 
tem 1 0 selects a particular type or size of fastener 20 to 
perform an installation requirement using processor 24. 
Depending on the type or size of fastener 20 selected, 
processor 24 transmits a signal to distributor 28 to align 
tube 26 corresponding to the type or size of fastener 20 
selected with a corresponding tube 30. Therefore, fas- 
tener delivery system 1 0 provides greater flexibility than 
prior fastener delivery systems by accommodating a va- 
riety of types and sizes of fasteners 20. 



[0037] FIGURE 6 is an enlarged isometric view with 
portions broken away of injector 18 shown in FIGURE 
1 . Injector 1 8 includes feeder tubes 86 for receiving fas- 
teners 20 from tubes 30 of transfer system 16. Feeder 

5 tubes 86 of injector 18 are constructed to maintain the 
desired orientation of fasteners 20 as fasteners 20 travel 
through feeder tubes 86. For example, as illustrated in 
FIGURE 6, each feeder tube 86 may be constructed to 
accommodate a different size, type, range of sizes, or 

io range of types of fastener 20 while maintaining the de- 
sired orientation of fastener 20, thereby preventing fas- 
teners 20 from tumbling freely within feeder tubes 86. 
[0038] Injector 18 also includen a receiver 88 for re- 
ceiving fanteners 20 from feeder tubes 86. Receiver 88 

15 includes a plurality of receiver fingers 90 for supporting 
and maintaining fastener 20 in the desired orientation. 
For example, as illustrated in FIGURE 6, head 40 of fas- 
tener 20 rests on upper surfaces of two adjacent receiv- 
er fingers 90 while shank 42 of fastener 20 is disposed 

20 between adjacent receiver fingers 90. 

[0039] In operation, fasteners 20 are propelled 
through transfer system 16, into feeder tubes 86, and 
downward through feeder tubes B6 to receiver 88. Feed- 
er tubes 86 include slots 92 for aligning shank 42 of fas- 

2S tener 20 between adjacent receiver fingers 90 as fas- 
tener 20 travels downward through feeder tubes 86 to- 
ward receiver 88. For example, centrifugal forces cause 
shank 42 of fastener 20 to follow slot 92 of feeder tube 
86 as fastener 20 travels downwardly through feeder 

30 tubes 86 toward receiver 88. Accordingly, when fastener 
20 reaches receiver 88, shank 42 of fastener 20 is 
aligned between adjacent receiver fingers 90. 
[0040] Injector 18 also includes power supplies 94, 
96, 98, and 1 00. Power supplies 94 : 96, 98 and 1 00 may 

35 comprise pneumatic power supplies or may include oth- 
er suitable types of power supplies. Power supply 94 is 
coupled to receiver 88 to provide translating movement 
of receiver 88 in the direction indicated by arrows 102 
so that fasteners 20 disposed between receiver fingers 

40 go are aligned with a receiving mechanism (not explicitly 
shown) of automatic fastener installation device 22. For 
example, the receiving mechanism of automatic fasten- 
er installation device 22 is generally located in a fixed 
position with respect to injector 18. However, depending 

45 upon a specific installation requirement, injector 1 8 may 
receive fasteners 20 from any one of feeder tubes 86. 
Accordingly, fasteners 20 are aligned with the receiving 
mechanism of automatic fastener installation device 22 
by translating receiver 88 into alignment with the receiv- 

50 ing mechanism of automatic fastener installation device 
22. 

[0041] Power supply 96 is coupled to feeder tubes 86 
to provide translating movement of feeder tubes 86 in 
the direction indicated by arrows 102 so that fasteners 
55 20 exiting feeder tubes 86 toward receiver 88 are 
aligned between corresponding receiver fingers 90. For 
example, as described above, receiver 88 is translated 
in the direction indicated by arrows 102 to align fasten- 
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ers 20 with the receiving mechanism of automatic fas- 
tener installation device 22. Accordingly, feeder tubes 
86 are translated in the direction indicated by arrows 1 02 
to correspond to the location of receiver 88. For exam- 
ple, feeder tubes 86 and the distance between adjacent s 
receiver fingers 90 are constructed to accommodate a 
variety of types and sizes of fasteners 20 while main- 
taining the desired orientation of fasteners 20. Accord- 
ingly, each feeder tube 86 will have a corresponding pair 
of receiver finge rs 90 for receiving fasteners 20 for main- io 
taining the desired orientation of fasteners 20. Thus, 
power supply 96 translates feeder tubes 86 to align a 
particular feeder tube 86 with a corresponding pair of 
receiver fingers 90. 

[0042] Power supply 98 is coupled to receiver 88 to is 
provide translating movement of receiver 88 in the di- 
rection indicated by arrows 104. As illustrated in FIG- 
URE 6, receiver 88 is shown having receiver fingers 90 
disposed beneath feeder tubes 86. Power supply 98 
functions to retract receiver 88 from beneath feeder 20 
tubes 86 so that the exit of each feeder tube 86 is clear 
of receiver fingers 90. For example, a user may purge 
fastener delivery system 1 0 of foreign debris, incorrectly 
specified fasteners 20, or the like, by retracting receiver 
88 using power supply 98 and activating the power sup- 2S 
ply used to propel fasteners 20 through transfer system 
16. Once the purging operation is complete, power sup-, 
ply 98 extends receiver 88 to a position beneath feeder 
tubes 86 in preparation for the next installation se- 
quence. Thus, fastener delivery system 10 provides for 30 
an efficient method of purging fastener delivery system 
10. 

[0043] FIGURE 7 is an enlarged isometric view of re- 
ceiver 88 shown in FIGURE 6. As best illustrated in FIG- 
URE 7, the distance between adjacent receiver fingers 35 
90 may be varied to accommodate a variety of sizes and 
types of fasteners 20. Injector 18 also includes injector 
blades 1 06 disposed between adjacent receiver fingers 
90 for delivering fasteners 20 from receiver 88 to the 
receiving mechanism of automatic fastener installation 40 
device 22. For clarity, only a single injector blade 106 is 
shown in FIGURE 7. 

[0044] Referring to FIGURES 6 and 7, power supply 
100 is coupled to injector blades 1 06 for extending and 
retracting injector blades 106 between receiver fingers 4S 
90 in the direction indicated by arrows 104. For example, 
power supply 100 extends injector blades 106 from be- 
tween receiver fingers 90 to deliver fastener 20 from re- 
ceiver 88 to the receiving mechanism of automatic fas- 
tener installation device 22. Once fastener 20 has been so 
delivered to automatic fastener installation device 22, 
power supply 1 00 retracts injector blades 106 in prepa- 
ration for receiving another fastener 20. Therefore, the 
desired orientation of fastener 20 is maintained from re- 
ceiver 88 to automatic fastener installation device 22. 55 
[0045] Referring to FIGURE 7, injector 18 may be 
constructed so that a single injector blade 106 may be 
extended and retracted, or injector 1 8 may be construct- 
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ed so that all injector blades 106 extend and retract to- 
gether. For example, injector 18 may be constructed so 
that any fasteners 20 disposed between any receiver 
fingers 90 are purged Irom receiver 88 by extending all 
injector blades simultaneously. Thus, injector 18 pro- 
vides a method of purging fasteners 20 from between 
receiver fingers 90 of receiver 88. 
[0046] Referring to FIGURE 1, the operation of fas- 
tener delivery system 10 will be briefly described. To 
meet a specific fastener 20 installation requirement, a 
user of fastener delivery system 10 selects a particular 
type or size of fastener 20 using processor 24. Upon the 
selection of the particular type or size of fastener 20, 
distributor 28 aligns one of tubes 26 with one of tubes 
30 so that the particular fastener 20 may be transported 
from one of feeder bowls 12 containing the particular 
fastener 20 to injector 18. When the user is ready to in- 
itiate installation of fastener 20, using the processor 24, 
the user activates regulator 44, as best shown in FIG- 
URE 2, to release the particular fastener 20 from es- 
capement 14:. 

[0047] After the particular fastener 20 is releasedfrom 
regulator 44 of escapement 14, as the particular fasten- 
er 20 passes sensor 68, a power supply, such as a pneu- 
matic power supply or other suitable power supply, is v. 
activated to propel the particular fastener 20 through , 
transfer system 16 to injector 18. Accordingly, the par- *, 
ticular fastener 20 enters opening 72 of fastener drop 
62 and is propelled through tube 26, distributor 28, tube f * 
30, to injector 18. Referring to FIGURE 1, fastener de- 
livery system 10 may also include a sensor 108 for de-it ^ 
activating the power supply used for propelling fastener:*-* 
20 through transfer system 1 6. For example, sensor 1 08 
may be associated with tubes 30 near injector 1 8 so that 
when sensor 108 detects the passage of fastener 20 
through tubes 30,-sensor 1 08 transmits a signal to proc- 
essor 24 indicating that fastener 20 has been delivered 
to injector 18. In response to the signal received from 
sensor 108, processor 24 deactivates the power supply 
for propelling fastener 20 through transfer system 16. 
One type of sensor 108 that may be used with fastener 
delivery system 10 is manufactured by Turck Incorpo- 
rated under part number BI40-R325R-UN6X; however, 
other suitable sensors or indicating devices? may be 
used. ■ - 

[0048] Once the particular fastener 20 reaches injec- 
tor 18, injector blades 106 extend to deliver the partic- 
ular fastener 20 from receiver 88 of injector 18 to the 
receiving mechanism of automatic fastener installation 
device 22. Therefore, fastener delivery system 10 pro- 
vides an efficient and reliable method of delivering fas- 
teners 20 in a desired orientation to automatic fastener 
installation device 22, thereby decreasing the time re- 
quired to install fasteners 20. The operation of fastener 
delivery system 10 may be controlled by a user or op- 
erated in a completely automatic way without the need 
for user intervention. Some combination of user control- 
led and automatic operation is within the skill of the art. 
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[0049] FIGURE 8 illustrates a flow chart of a method 
for delivering fasteners 20 in a desired orientation to au- 
tomatic fastener installation device 22 according to the 
present invention. Fasteners 20 are placed in feeder 
bowls 1 2 at step 200. Each feeder bowl 12 may contain 
a different type or size of fastener 20 to accommodate 
various installation requirements. 
[0050] Fastener delivery system 10 determines 
whether fasteners 20 are present within escapements 
14 at step 210. Sensor 68 coupled to escapements 14 
detects whether additional fasteners 20 are required 
within passage 38 of escapements 1 4 at step 220. If ad- 
ditional fasteners 20 are required, the method proceeds 
to step 230. If no additional fasteners 20 are required, 
the method proceeds to step 260. 
[0051] Sensor 68 transmits a signal to processor 24 
indicating that additional fasteners 20 are required with- 
in escapements 14 at step 230. In response, processor 
24 activates feeder bowls 12 to initiate delivery of fas- 
teners 20 from feeder bowls 12 to escapements 14. 
Sensor 68 continues to detect whether additional fas- 
teners 20 are required within passage 38 of escape- 
ments 14 at step 240. If additional fasteners 20 are re- 
quired within passage 38 of escapements 1 4, the meth- 
od proceeds to stop 230. If no additional fasteners 20 
are required within passage 38 of escapements 14, the 
method proceeds to step 250. 

[0052] Sensor 68 transmits a signal to processor 24 
indicating that no additional fasteners 20 are required 
within escapements 14 at step 250. In response, proc- 
essor 24 deactivates feeder bowls 12 to cease the de- 
livery of additional fasteners 20 from feeder bowls 12 to 
escapements 14. 

[0053] A user of fastener delivery system 10 selects 
a particular type or size of fastener 20 at step 260 as 
required to meet a particular installation requirement. 
For example, processor 24 may include a display rep- 
resenting the types and sizes of fasteners 20 available 
in each feeder bowl 1 2. By selecting a particular type or 
size of fastener 20 or feeder bowl 1 2, the user may ini- 
tiate the installation sequence to meet the required in- 
stallation requirement using automatic fastener installa- 
tion device 22. Alternatively, the type and size of fasten- 
er 20 may be pre-programmed with processor 24 as is 
well known to those skilled in the art 
[0054] Based on the fastener 20 or feeder bowl 1 2 se- 
lected at step 260, fastener delivery system 10 aligns 
transfer system 16 at step 270. For example, distributor 
28 aligns one of tubes 26 coupled to the selected es- 
capement 14 and feeder bowl 1 2 with one of tubes 30 
so that the desired orientation of fastener 20 is main- 
tained throughout transfer system 16. For example, 
since each tube 30 is constructed to accommodate a 
variety of types or sizes of fasteners 20 while maintain- 
ing a desired orientation of fastener 20, fastener delivery 
system 10 aligns a corresponding tube 30 based on the 
type or size of fastener 20 selected at step 260. 
[0055] Based on the fastener 20 or feeder bowl 1 2 se- 



lected at step 260, fastener delivery system 10 also 
aligns injector 1 8 at step 280. For example, since feeder 
tubes 86 and the distance between receiver fingers 90 
of injector 1 8 are constructed to accommodate a variety 

s of sizes or types of fasteners 20 while maintaining a de- 
sired orientation of fastener 20, fastener delivery system 
1 0 aligns receiver fingers 90 and one of feeder tubes 86 
corresponding to the type or size fastener 20 selected 
at step 260 with the receiving mechanism of automatic 

io fastener installation device 22. As best shown in FIG- 
URE 6, fastener delivery system 10 aligns receiver fin- 
gers 90 and feeder tubes 86 in the direction indicated 
by arrows 1 02. 

[0056] Referring to FIGURE 8, fastener delivery sys- 

15 tern 1 0 initiates delivery of fastener 20 to automatic fas- 
tener installation device 22 at step 290. For example, 
power supply 46 of regulator 44 retracts release blade 
48 thereby releasing a single fastener 20 from passage 
38 of escapement 14. 

20 [0057] Fastener delivery system 10 detects the pas- 
sage of the single fastener 20 from passage 38 of es- 
capement 1 4 to fastener drop 62 at step 300. Sensor 70 
of fastener delivery system 10 detects the passage of 
the single fastener 20 entering fastener drop 62 at step 

25 310. If sensor 70 detects the passage of the single fas- 
tener 20, sensor 70 transmits a signal to processor 24 
indicating the passage of the single fastener 20 and the 
method proceeds to step 320. If sensor 70 does not de- 
tect the passage of the single fastener 20 entering fas- 

30 tener drop 62. sensor 70 transmits a signal to processor 
24 indicating that the single fastener 20 did not enter 
fastener drop 62, thereby notifying the user of fastener 
delivery system 1 0 that the installation sequence cannot 
proceed. 

35 [0058] In response to receiving the signal from sensor 
70 that a single fastener 20 has entered fastener drop 
62, processor 24 transmits a signal activating the power 
supply for propelling the single fastener 20 through 
transfer system 16 at step 320. Fastener delivery sys- 

40 tern 10 detects the passage of the single fastener 20 
through transfer system 16 using sensor 108 at step 
330. If sensor 1 08 detects the passage of the single fas- 
tener 20 through transfer system 16, sensor 108 trans- 
mits a signal to processor 24 indicating the passage of 

45 the single fastener 20 at step 340 and the method pro- 
ceeds to step 350. If sensor 1 08 does not detect the pas- 
sage of the single fastener 20 through transfer system 
16, sensor 108 transmits a signal to processor 24 indi- 
cating that the single fastener 20 was not transferred 

50 through transfer system 16, thereby notifying the user 
of fastener delivery system 10 that the installation se- 
quence cannot proceed. 

[0059] In response to receiving the signal from sensor 
108 that the single fastener 20 has been transferred 
55 through transfer system 16, processor 24 transmits a 
signal to deactivate the power supply used to propel the 
single fastener 20 through transfer system 16 at step 
350. At this point, the single fastener 20 is disposed be- 
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tween adjacent receiver fingers 90 of injector 18. Fas- 
tener delivery system 10 activates injector 18 to deliver 
the single fastener 20 from injector 18 to the receiving 
mechanism of automatic fastener installation device 22 
at step 360. Fastener delivery system 10 extends injec- 
tor blades 1 06 of injector 1 8 thereby delivering the single 
fastener 20 to automatic fastener installation device 22. 
Fastener delivery system 10 then retracts injector 
blades 106 after delivering the single fastener 20 to au- 
tomatic fastener installation device 22 in preparation for 
the next installation sequence. 

[0060] Although the present invention and its advan- 
tages have been described in detail, it should be under- 
stood that various changes, substitutions, and altera- 
tions, can be made therein without departing from the 
spirit and scope of the present invention as-detined by 
the appended claims. 



tener through the transfer system to the injec- 
tor; and 

a first sensor operable to detect the fastener 
entering the transfer system and activate the 
5 power supply. 

7. The system of Claim 6, further comprising a second 
sensor operable to detect passage of the fastener 
through the transfer system and deactivate the 

to power supply. 

8. The system of any preceding claim further compris- 
ing a feeder bowl operable to deliver the fastener to 
the escapement. 



75 



9. The system of Claim 8, further comprising a sensor 
operable to initiate delivery of the fastener from the 
feeder bowl to the escapement. 



Claims 

1 . A fastener delivery system comprising: 

an escapement operable to retain a fastener in 
a desired orientation, the escapement further 
operable to deliver the fastener in the desired 
orientation to a transfer system; 
an injector operable to receive the fastener in 
the desired orientation from the transfer system 
and deliver the fastener in the desired orienta- 
tion to a fastener installation device; and 
the transfer system operable to provide unin- 
terrupted transfer of the fastener in the desired 
orientation from the escapement to the injector. 

2. The system of Claim 1 , wherein the transfer system 
comprises a tube. 



5. The system of Claim 4, wherein the power supply 
comprises a pneumatic power supply. 

6. The system of any one of Claims 1 to 3, further com- 
prising: 

a power supply operable to transport the fas- 



20 10. The system of any preceding claim, further compris- 
ing a processor operable to initiate delivery of the 
fastener in the desired orientation from the escape- 
ment to the transfer system. 

25 11 . A method for delivering a fastener to a fastener in- ; 
stallation device, the method comprising: 

positioning the fastener in a desired orientation # v 
in an escapement; . *^ 

^° transferring the fastener in the desired orienta- 

tion from the escapement to a transfer system; 
transporting 4he fastener without interruption in ^ 
the desired orientation through the transfer sys- • 
tern to an injector; and 

35 '. delivering the fastener in the desired orienta- 
tion to the fastener installation device using the 
injector. . 



The system of Claim 1 or Claim 2, wherein the trans- 12. 
fer system comprises: -*o 

a first tube coupled to the escapement; 

a second tube coupled to the injector; and -13. 

a distributor operable to align the first tube with 

the second tube. is 

The system of any preceding claim, further compris- 1 4. 
ing a power supply coupled to the escapement, the 
power supply operable to transport the fastener 
from the escapement to the injector. so 



The method of Claim 11, further comprising trans- 
ferring the fastener from a feeder bowl to the es- 
capement. - 

The method of Claim 11 or Claim 12, wherein the 
delivering step comprises extending an injector 
blade of the injector adjacent the fastener. - 

The method of any of Claims 11 to 13 wherein the 
transporting step comprises propelling the fastener 
through a tube of the transfer system. 



15. The method of any of Claims 11 to 14, wherein the 
propelling step comprises pneumatically propelling 
the fastener through the tube. • 

ss 16. The method of any of Claims 11 to 15, wherein the 
transferring step comprises activating a regulator to 
release the fastener from the escapement to the 
transfer system. 
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17. The method of any of Claims 11 to 1 6.. further com- 
prising aligning a first tube of the transfer system 
with a second tube of the transfer system using a 
distributor. 

5 

18. The method of any of Claims 11 to 17, wherein the 
step of transporting comprises: 

activating a power supply for propelling the fas- 
tener through a tube of the transfer system; and 10 
deactivating the power supply when the fasten- 
er reaches a designated location within the 
tube. 

19. A fastener transfer system comprising: 75 

a first tube operable to accept a first fastener 
having a first size ; the first fastener positioned 
in a desired orientation; 

a second tube operable to accept a second fas- 20 
tener having a second fastener having a sec- 
ond size, the second fastener positioned in the 
desired orientation; 

a third tube operable to accept either the first 
fastener from the first tube or the second fas- 25 
tener from the second tube, the third tube fur- 
ther operable to maintain the desired orienta- 
tion of the first or second fastener; and 
a distributor operable to align either the first or 
second tube with the third tube. 30 

20. The system of Claim 19, wherein the distributor 
comprises: 

a transfer plate coupled to the third tube; and 35 
a power supply operable to position the transfer 
plate to align either the first or second tube with 
the third tube. 

21. The system of Claim 19 or Claim 20, wherein the 40 
distributor comprises: 

a manifold coupled to the first and second 
tubes, the manifold having a first opening adja- 
cent the first tube and a second opening adja- 45 
cent the second tube; 

a transfer plate coupled to the third tube, the 
transfer plate having a Ihird opening adjacent 
the third tube; and 

a power supply operable to align either the first so 
or second opening with the third opening. 
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a tube (30) coupled to the injector ( 1 B). The injector (18) 
receives fasteners (20) from the transfer system (16) in 
the desired orientation and delivers the fasteners (20) 
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